Introduction
Cardiovascular disease (CVD) is considered the chief cause of death in rheumatoid arthritis (RA) patients. RA increases the risk for cardiovascular (CV) mortality by up to 50% when compared with general population [1] [2] [3] . Traditional CV risk factors (hypertension, smoking, and diabetes mellitus) failed to explain the increased risk for mortality in RA [4] .
Systemic inflammation associated with RA appears to be a key factor of increased CV risk [1] . Chronic inflammatory state in RA is related to accelerated atherosclerosis, exacerbating adverse changes in both proven and novel CV risk factors [5, 6] .
Atherosclerosis of the carotid vasculature has a direct link with high CVD rates [7] . Measurement of the intima-media thickness (IMT) of the carotid artery is a noninvasive useful index for detecting preclinical atherosclerosis and predictor of coronary artery diseases [8] .
Furthermore, histological evidence of inflammation and plaque instability in the coronary arteries of patients with RA was detected in a postmortem series compared with non-RA controls [9] . This supports the theory that the mechanisms responsible for CV events in RA may vary from those in the general population.
The aim of this study was to assess the role of clinical and laboratory measures of disease activity, line of treatment, multiple CV risk factors, and carotid atherosclerosis on the risk for acute coronary syndrome (ACS) in a relatively large cohort of RA patients.
Patients and methods

Study design
Between 1 January 2014 and 30 June 2016, the present cross-sectional study was conducted on 124 RA patients who fulfilled the 2010 RA classification criteria [10] . The sample size for the present study originated from a group of 230 consecutive RA patients (28 patients were excluded due to overlap with other rheumatic diseases, 32 patients were excluded because of a history of ischemic heart disease before the diagnosis of RA, 40 patients were excluded due to severe comorbid condition, and six patients were unwilling to participate in the study).
The patients were recruited from the rheumatology outpatient clinic and rheumatology Inpatient Department of Alnoor Specialist Hospital, a tertiary care teaching institute in Makkah, Saudi Arabia. Patients with the following conditions were excluded from the study: (i) age under 18 years; (ii) RA overlap with other rheumatic diseases; (iii) individuals with a history of ischemic heart disease before the diagnosis of RA; (iv) cases of ACS that began before the baseline visit were not counted in this study; (v) severe comorbid cases such as patients with end-stage renal failure, respiratory failure, and liver failure, which is likely to compromise survival or study participation; and (vi) unwillingness to cooperate with study procedures, or other inabilities.
Approval was obtained from the Local Research Ethics Committee of Alnoor Specialist Hospital, and written informed consent was obtained from each participant (N:11237).
Clinical assessment
Patients were subjected to the following procedures: full medical history; thorough clinical examination including general and systemic (especially blood pressure measurement and BMI calculation) and information on all systemic treatments with antiplatelet usage (asprin), lipid-lowering medication (statin), disease-modifying antirheumatic drugs (DMARDs), glucocorticoid treatment, and its dose and biological DMARDs.
RA disease activity was assessed using the disease activity score 28 (DAS28) [11] and classified as low, moderate, or high disease activity according to the European League against Rheumatism definition, with low disease activity defined as DAS28 less than or equal to 3.2, moderate defined as DAS28 between 3.2 and less than or equal to 5.1, and high defined as DAS28 greater than 5.1. Remission is defined as DAS28 less than 2.6 [12] . Health Assessment Questionnaire results were also collected [13] .
Medical chart data including all visits at rheumatology clinics or cardiology clinic from the time of RA diagnosis to the end of the study were collected. Patients were evaluated until completion of the study, or the initial occurrence of ACS, the one that occurred first. In the event of multiple occurrences of ACS, only the first was counted.
ACS outcome was defined as the first episode of ACS and/or intervention for ACS registered (myocardial infarction, unstable angina, cardiac arrest, or death with ischemic heart disease listed as the first or first underlying cause of death on the death certificate) after RA diagnosis until the end of the study. Medical charts were retrieved to ensure that the diagnostic criteria for ACS, as defined by the Joint European Society of Cardiology/American College of Cardiology Committee [14] , were fulfilled. Conventional CVD risk factors such as age, sex, smoking status, systolic blood pressure, total cholesterol, high-density lipoprotein cholesterol, and the Systematic Coronary Evaluation Score (SCORE) [15] were calculated to determine the 10-year risk for fatal CVD.
Laboratory evaluation
The following laboratory investigations were carried out: complete blood count, fasting venous plasma glucose, fasting serum insulin level (enzyme-linked immunosorbent assay method), serum lipid profile, rheumatoid factor (RF), and anticyclic citrullinated protein antibody. Insulin resistance (IR), which is the main outcome of the metabolic syndrome, was evaluated using the homeostasis model assessment (HOMA) (calculator available from www. OCDEM. ox.ac.uk), which is based on fasting plasma glucose and serum insulin concentrations [16] . Values were considered abnormal when HOMA-IR was more than 2 [17] .
Carotid ultrasound
After a baseline evaluation at the recruitment site, we invited all patients for an additional visit to undergo a high-resolution B-mode carotid ultrasound evaluation; Mylab 70 Esaote (Genoa, Italy) equipped with a 7-12 MHz linear transducer and the automated software-guided technique radio frequency-quality IMT in real-time (Esaote, Maastricht, the Netherlands) was used.
The patients were placed in supine position with the chin extended, turning the head away from the side being examined. Measurements were made bilaterally at the carotid bulb, at 1 cm distal to common carotid artery far wall proximal to the bulb and in the proximal most portion of the internal carotid artery near its origin. The mean of the six readings so obtained was used to calculate the carotid intima-media thickness (CIMT) [18] . A cutoff value of 0.72 mm was taken for IMT; patients who had IMT above this value were considered to have atherosclerosis [19] . Carotid artery plaques were identified bilaterally as recommended in the Mannheim consensus − that is, when a focal structure that encroaches into the arterial lumen of at least 0.5 mm or 50% of the surrounding IMT value or demonstrates a thickness of greater than 1.5 mm as measured from the media-adventitia interface of the intima-lumen interface [20] .
Statistical analysis
The collected data were coded, tabulated, and statistically analyzed using statistical package for social science SPSS version 17.0 (SPSS, Chicago, IL, USA). Quantitative variables were described as mean and SD. Qualitative variables were described as number and percentage. The unpaired t-test was used to compare two groups as regards quantitative variables. The χ 2 -test was used to compare qualitative variables between groups. The oneway analysis of variance test was used to compare more than two groups. The Spearman correlation test was used to rank different variables against each other positively or inversely. Logistic regression analysis was used to discover the effect of qualitative parameters in another parameter. A P-value less than or equal to 0.05 was considered statistically significant. Cox proportional hazard models were used to evaluate associations between risk factors and development of ACS. Associations were expressed in the form of hazard ratios, and 95% confidence intervals represented the uncertainty of the estimation. The hazard ratio was interpreted as a multiplier of the risk for ACS, corresponding to a 1-U increase in the predictor.
Results
One hundred and twenty-four RA patients were included in this study [110 (88.7%) female and 14 (11.3%) male]. Patients were subdivided according to the presence or absence of ACS into two groups ( Table 1) . Patients with ACS were in their fifth decade of life (mean±SD: 58.31±12.16) years with a significant difference between them and patients without ACS as regards the age (Table 1) . There was no association between hypertension, diabetes mellitus, or smoking and ACS. Patients with high BMI were significantly associated with a risk for ACS (P=0.025). RA patients with ACS were significantly associated with the 10-year CVD risk (P<0.05). The mean RA disease duration among patients with ACS was 10.11 years with a significant difference between them and patients without ACS.
The high DAS28 was associated with an increased risk for ACS. Among the other DAS28 components (number of tender joints and number of swollen joints), there were generally negative associations except for patient global health assessment, which was significantly associated with ACS (P=0.05). Almost 60% of the patients with ACS (62.5%) had moderate DAS28 score (3.2-5.1); 12.5% had severe disease activity. Only four (12%) patients had mild disease activity.
On comparison of serum lipid profile among patients with and those without ACS, there was no significant difference in the mean serum total cholesterol, triglycerides, low-density lipoprotein, and highdensity lipoprotein levels between the two groups. In the present study, serum insulin levels and IR determined using the HOMA-IR were found to be significantly higher in patients in the ACS group compared with the other group.
Univariate analysis demonstrated a statistically significantly increased risk for ACS in patients with high C-reactive protein (CRP), positive RF, and high level of anticyclic citrullinated protein antibody.
The mean IMT at various points of measurement and the mean of the six-readings, CIMT, are shown in Table 1 . RA patients with ACS had a higher mean CIMT compared with RA patients without ACS (P=0.001). Carotid plaque was found more frequently among the cases with ACS compared with cases without ACS (P=0.034). Figure 1 showed that for a cutoff value of CIMT greater than or equal to 0.72 mm, the sensitivity and specificity were 75.0 and 70.4%, respectively, with an accuracy of 76.9%. In addition, logistic regression analysis showed that plaques were a strong predictor for ACS in RA patients (the sensitivity and specificity were 62.5 and 84.259%, respectively, with an accuracy of 81.452%). Table 2 shows the recorded characteristics that were independently significantly related to ACS patients in a multivariable logistic regression model. Of the 14 characteristics entered into the model, three (RF, presence of anticyclic citrullinated protein antibodies, and carotid plaques) were significantly associated with ACS.
Pharmacologic therapies used in the treatment of RA patients are presented in Table 3 . As expected, among the vast majority of RA patients with and those without ACS under DMARDs treatment, there was no statistically significant difference between the two groups with regard to line of treatment. More than 90% of patients were under DMARDs and approximately one-third in each group received corticosteroids. No significant difference emerged between the two groups either in antiplatelet usage (aspirin), lipid-lowering agent (statin), cumulative steroid dose, anti-tumor necrosis factor (anti-TNF) therapy (adalimumab, etanrecept, and infliximab), interleukins-6 receptors inhibitor (tocilizumab), abatacept, and rituximab.
Discussion
The focus of this study was to examine factors associated with the presence of ACS in RA patients. Inflammation is a key feature during all stages of atherosclerotic pathogenesis [21] . Inflammation affects the composition and stability of atherosclerotic lesions and also promotes clotting [22] , and hence induces permissive conditions for atherothrombotic events. Our findings of an association between indices of high average clinical disease activity, based on DAS28, patient global health assessment questioner score, and the risk for ACS is consistent with previous reports [2, 23, 24] .
High inflammatory activity worsens clinical symptoms and general well-being, leading to poorer general health, and hence DAS28 score. High overall disease activity reduces the level of physical function. Furthermore, implementation of adequate physical activity levels has been associated with a better CV profile in RA [25] . Importantly, the general health score does not reflect merely RA disease activity but can also be affected by the presence of other comorbidities and by general well-being. We also documented a positive association between ACS and RA disease duration. This suggests a role for chronic inflammation in the development of CV event.
The increased risk for CVD in RA is associated with, although not entirely attributed to, traditional risk factors already established in the general population [9] . Similarly, we found that there was no association between hypertension, diabetes mellitus, or smoking as independent parameters and ACS. Even diabetes and hypertension remained independently associated with ACS that served to refocus attention on their importance in determining the existence of CV events in RA.
Ljung et al. [26] documented that the risk for ischemic heart disease in patients with RA was elevated compared with general population and was less manifest in TNF-exposed patients. This risk has been linked to the degree of activity and severity of the disease.
Patients with high BMI and high 10-year CVD risk score were significantly associated with a risk for ACS. In recent years, there has been an increased appreciation that adipose tissue should be viewed as an active endocrine organ. Adipocytokines, in particular adiponectin, are known to have antidiabetic, insulin sensitizing, anti-inflammatory, Figure 1 Receiver operating characteristic (ROC) curves between acute coronary syndrome outcome (positive and negative) and carotid intimamedia thickness. and vasculature protective properties [25] . Circulating adiponectin reduced with increasing adiposity (BMI), IR, atherogenic lipid profile, increased inflammatory markers (CRP, TNF, and interleukin-6), which lead to increased risk for CVD and possibly coronary plaque susceptibility [27] [28] [29] [30] .
In this study, no significant difference in the lipid profile was found between the RA patients with and those without ACS. In RA, inflammation is associated with a paradoxical inversion of the relationship between CV risk and lipid levels [31] [32] [33] . Importantly, several studies have reported increases in lipid levels with a successful reduction in RA disease activity following anti-inflammatory treatment [34] . These findings suggest that the traditional analysis of lipid profiles for predicting CV risk may be confused with disease activity in RA patients [31, 32] .
In the present study, IR determined using the HOMA-IR was found to be significantly higher in the ACS patient group compared with the non-ACS group. Our results as well as those obtained from La Montagna et al. [17] revealed a significant difference between the two groups as regards HOMA-IR.
In our study, RF and ACPA positivity were associated with an increased risk for ACS. Seropositivity, for either RF or ACPAs, is associated with a more severe clinical prognosis [35, 36] . Studies that have identified RF as a risk factor for CVD in RA are typically based on older cohorts [37] [38] [39] , whereas one study of a contemporary RA cohort failed to identify RF as a CV risk marker [24] . It is possible that the development of more efficient RA treatments has effectively altered and improved the disease course of patients who otherwise would have had more severe disease, and that previously reported associations were a reflection of severe disease. In a Spanish RA cohort enrolled between 1988 and 2003, the presence of ACPA was associated with a 2.5-fold increased risk for ischemic heart disease even after adjustment for erythrocyte sedimentation rate, RF, and treatments [24] . ACPA-positive RA has also been associated with an increased risk for subclinical manifestations of CVD, such as more extensive atherosclerotic lesions and structural myocardial abnormalities [40] .
There was a strong confirmation suggesting that chronic inflammation plays a role in atherogenesis and in CV morbidity and mortality [41] [42] [43] [44] .
In addition to the high-grade inflammation seen in rheumatoid joints, blood from RA patients also demonstrate a high concentration of markers of inflammation, such as interleukin-1 and TNF-α [45] .
These markers regulate cell-mediated immunity, promoting inflammatory cell migration through the vascular endothelium, resulting in endothelial dysfunction [46, 47] .
The CIMT has been linked with the severity and the chronicity of the inflammatory response. Longstanding RA patients with mean CRP levels greater than 15 mg/dl had higher CIMT values than those with lower CRP levels [48] . In agreement with the previous reports [46] [47] [48] [49] , our findings suggest that atherosclerosis is a good predictor for the CV complications of RA patients. At a cutoff value of CIMT greater than or equal to 0.72 mm, the sensitivity and specificity were 75.0 and 70.4%, respectively, with an accuracy of 76.9% in the prediction of ACS. The presence of plaque in both internal carotid arteries nearly quadrupled the incidence of new ACS compared with that in patients without carotid plaque. Logistic regression analysis showed that plaques were a good predictor for ACS in RA patients. In the multivariable logistic regression model the presence of carotid plaques remained a strong predictor for ACS. The absence of the residual variables from the predictive model should not be understood to mean that they are not associated with ACS, but rather that more outcome events (i.e. more statistical power) would be needed to detect their weaker signals. Alternatively, their absence from the predictive model could mean that their association with ACS is mediated through atherosclerosis. An example of the latter is shown in Table 3 , in which age loses its association with ACS, suggesting that age is associated with ACS through the mechanism of atherosclerosis accrual over time.
Further longitudinal follow-up of these patients over a period of time to look for clinical events that reflect the consequences of atherosclerosis would provide valuable corroboration of the observations from this study. Furthermore, the present study was conducted in a Saudi RA population, reflecting only the Saudi healthcare setting. Studying of ACS risk factors should be generalizable; the observed risks may not be directly applicable to populations with different levels of disease control, other CV risk factors, or underlying ACS risks.
Conclusion
The main finding of this study was a general tendency toward an association between disease activity, RF, and ACPA with the risk for ACS. In addition, subclinical atherosclerosis detected by CIMT and the presence of carotid plaques were good predictors for RA patients with ACS. Treatment with methotrexate or any other DMARD, biologic DMARDs, was not linked to an altered risk of ACS in the time frames under study.
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